Abstract To establish the diagnostic utility of the anticyclic-citrullinated peptide antibody (aCCP) test in Black South Africans with early rheumatoid arthritis (RA). A cross-sectional study comparing the rheumatoid factor (RF) and aCCP status in RA patients and a control group consisting of healthy subjects, and patients with systemic lupus erythematosus (SLE) and scleroderma. The sensitivity, specificity, positive (PPV) and negative predictive values of the aCCP test alone were 82.5%, 84.9%, 87.6% and 79% versus 81.7%, 90.7%, 92.5% and 78% for RF alone. The best specificity (95.3) and PPV (95.8%) was observed when both aCCP and RF tests were positive. Patients with erosive disease had a significantly higher mean RF titre compared with those with non-erosive disease (p=0.007). There was a trend towards an association of smoking (OR=4.1, 95% CI=0.9-18.6) and functional disability (p=0.07) with RF-positive status. No similar clinical associations were observed with aCCP. Almost a third of SLE patients were aCCP positive. Despite the best specificity and PPV observed when both the aCCP and RF tests were positive, our findings suggest that testing for aCCP is only cost-effective in the RF-negative patient in whom there is a strong clinical suspicion of RA.
Early aggressive treatment with traditional and biologic disease-modifying antirheumatic drugs (DMARDs) to prevent joint destruction and disability is now accepted as best practice in rheumatoid arthritis (RA) [1] . With this drive to intervene early, comes a need to diagnose RA promptly and accurately. The American College of Rheumatology (ACR) classification criteria were derived from analysis of patients with established disease [2] . Not surprisingly, these criteria have poor diagnostic performance in early RA.
Rheumatoid factor (RF) has been the principal serological marker for RA until recently and is included in the ACR criteria. However, because of its low sensitivity, particularly early in the course of the disease, and its limited specificity, there has been much interest in identifying novel diagnostic biomarkers in RA. Autoantibodies directed against citrulline, an amino acid that results from post-translational modification of arginine in inflamed synovial membranes, have been shown to have a high specificity of 93-98% in early RA [3] . These antibodies to cyclic-citrullinated peptide (aCCP) are also of prognostic value in predicting disease severity, erosive damage and response to therapy [4, 5] .
Most studies on the diagnostic utility of the aCCP test in RA have been done in industrialized countries on subjects of European ancestry [6] , with only a few done in the developing world [7] [8] [9] [10] . In the absence of any published studies on the prevalence and specificity of aCCP in RA in sub-Saharan Africa, we undertook a cross-sectional case-control study to establish the diagnostic utility of the RF and aCCP tests in urbanized Black South Africans with early RA. The Human Ethics Committee of the Faculty of Health Sciences, University of the Witwatersrand approved the study.
Subjects and methods
One hundred and twenty Black South African DMARDnaive RA patients, ≥18 years at disease onset, and with disease duration of <2 years were studied. All patients fulfilled the revised ACR classification criteria for RA and were attending the Arthritis Clinics at either of two tertiary hospitals in South Africa. These patients are participants in an ongoing observational study, the Gauteng Rheumatoid Evaluation Assessment Trial (GREAT) study.
Disease activity was assessed using the 28 joint disease activity score (DAS28) [11] . The modified Health Assessment Questionnaire (mHAQ) was used to assess functional disability [12] . The presence of nodulosis and a smoking history were also documented. Patients were classified as having erosive disease based on baseline X-rays of the hands and feet. The control group consisted of healthy subjects (n=30), systemic lupus erythematosus (SLE) patients (n=35) and systemic sclerosis (SSc) patients (n=28). In the SLE group, the presence of active tuberculosis (TB) was also noted because of recent reports of an association between aCCP and TB [13, 14] , coupled with the frequent occurrence of TB in our SLE patients [15] .
Rheumatoid Factor (composite IgM, IgG, IgA) was assayed by nephelometry (Siemens Healthcare Diagnostics, BN Prospec Nephelometer, Newark, USA). aCCP were measured using a second-generation immunofluorimetric assay with the Immunocap 250 system and reagents and controls provided by the manufacturer (Phadia AB, Uppsala, Sweden). RF and aCCP were considered positive when the concentrations were greater than 15 IU/ml and 10 U/ml, respectively.
Statistical analysis
Statistical Analysis was performed using STATA statistical software. The sensitivity, specificity and predictive powers, as well as Cohen's kappa coefficient for agreement were calculated for RF and aCCP tests. In the RA group, logistic regression was applied to test for clinical associations with aCCP and RF. A p value <0.05 was considered significant.
Results
The majority of our patients (83%) were female, 20% were smokers, and a fifth had rheumatoid nodules ( Table 1 ). The overall group had very active disease as reflected by a mean DAS28 of 6.2 and mean swollen joint count (SJC) of 9.3, with moderate to severe functional disability with a mean mHAQ-disability index (mHAQ-DI) of 1.7, and almost half the patients had erosive disease.
The aCCP and RF tests performed similarly with respect to sensitivity, specificity and predictive powers ( Table 2 ). The presence of either RF or aCCP had the highest sensitivity (88.3%) and the best negative predictive value (84.3%), while the presence of both RF and aCCP was highly specific for RA (95.3%) and had the best positive predictive value (95.8%). Of the 22 RA patients who were RF negative, 8 (36.4%) were aCCP positive. Cohen's kappa coefficient for agreement between RF and aCCP was moderate, but significant at 0.58 (95% CI=0.4-0.8).
Within the RA group, the presence of aCCP was not associated with any specific disease characteristics, including cigarette smoking, age of disease onset, gender, disease duration, disease activity, functional disability, nodulosis or erosive disease. The mean (±SD) RF titre was significantly higher in patients with erosive disease compared to those with non-erosive disease (704.4±1043.4 IU/l vs. 308.8± As shown in Fig. 1 , of the 14 control subjects who were aCCP positive, one was a healthy subject with a high titre of 952 U/ml, 2 had SSc (one with a low titre and one with a high titre of 890 U/ml) and 11 had SLE, ten of whom had low titres (mean=15.9) and one with a high titre of 773 U/ml. Analysis of the SLE group showed no significant association of aCCP with inflammatory arthritis (3/11 in aCCP-positive group vs. 8/24 in aCCP-negative group) and active TB (1/11 in aCCP positive group vs. 2/24 in aCCP-negative groups). Neither of the two aCCP-positive SSc patients had a history of inflammatory arthritis.
Discussion
In this study of early RA, the first to our knowledge in subSaharan Africans, the overall performance of the aCCP and RF tests in the diagnosis of RA was similar, with the RF test performing better in predicting erosive disease and functional disability. Both the tests showed good sensitivity and positive predictive value, comparable to that reported in other populations [16] . While the specificity of the RF test is similar to studies of early RA in other populations, the specificity of the aCCP test was somewhat lower, primarily because of the high false positive rate in the SLE control group.
The combination of both RF and aCCP positivity had the highest specificity, indicating that, ideally, both tests be done for diagnostic certainty. In spite of this and given that, over a third of the RF-negative patients were aCCP positive, in a resource-limited setting such as ours and most of sub-Saharan Africa, testing simultaneously for both autoantibodies appears to carry little advantage over the RF test alone in the diagnosis of RA. Thus, a "stepwise" approach proposed previously by Nell et al. to autoantibody testing in a patient with inflammatory polyarthritis, starting with the RF test followed by the aCCP test only where the RF test is negative, is prudent [17] .
Almost a third of the SLE group was aCCP positive, albeit in low titres in all except one patient. Although most older studies have shown aCCP to be distinctly uncommon in SLE patients [18] , a very recent study of 159 Chinese SLE patients showed 27.3% of patients had aCCP, with a significantly higher prevalence in patients with inflammatory arthritis (42%) compared with those without inflammatory arthritis (5.5%) [19] . A similar association with inflammatory arthritis has also been described in African American SLE patients [20] . In the present study, we were unable to confirm this association, probably because of the small sample size.
The high false positive rate for aCCP in the SLE group might also be on the basis of non-specific increases in globulins in people of African origin as found previously with respect to antiphospholipid antibodies in SLE [21] . In light of the high occurrence of TB in our SLE patients (13), a further possible explanation is that some of these patients may be harbouring latent TB. The 5.6% frequency of aCCP in the SSc patients is similar to the 5-15% described previously in SSc [22, 23] , but again we found no association with inflammatory arthritis as others have suggested.
The majority of patients in this cohort had very active disease with associated moderate to severe disability. This is consistent with our previous published findings in established RA in this population [24, 25] . Severe disease RF rheumatoid factor, anti-CCP anti-cyclic citrullinated peptide antibodies, RA rheumatoid arthritis, PPV positive predictive value, NPV negative predictive value at presentation, at least in part, is a reflection of delay in referral for tertiary care. It underscores the need for improved clinical skills at lower levels of health care in recognizing milder forms of early inflammatory arthritis, and thus facilitates more effective intervention with relatively inexpensive drugs like methotrexate in the indigent RA patient in South Africa.
Since majority of patients in the present study had very active disease, the diagnostic utility of aCCP in patients with milder disease, commonly seen in most industrialized countries, remains unanswered. Another limitation is the relatively small sample size, which might explain why we failed to show a relationship between aCCP and smoking that has been reported previously [26] . We also could not assess the prognostic value of the aCCP test with respect to response to DMARDs and radiographic progression in this baseline cross-sectional analysis, but this is planned as part of the prospective longitudinal analysis of the GREAT study.
In summary, the RF test in a cohort of Black South Africans with early RA yields good specificity and sensitivity. Routine testing for aCCP adds little diagnostic advantage and testing for aCCP should be restricted to patients with inflammatory polyarthritis where the RF is negative.
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